Summary. The role of Bacteroides fragilis in the pathogenesis of acute appendicitis was studied in 135 patients in four patient groups: normal (1 7); phlegmonous appendicitis (1 7); gangrenous appendicitis (75); and septic complications of appendicitis (26). Aerobic and anaerobic bacteria were isolated from all groups and members of the 'B. fragilis group' were the most common anaerobic isolates. The rate of isolation of B. fragilis was similar from normal and inflamed appendices but was significantly higher from those with septic complications (p < 0.01). Antibodies against B. fragilis were demonstrated in patients of all groups and occurred with similar frequencies in patients with normal and inflamed appendices but at a significantly higher rate in those with septic complications (p < 0.01). Whereas patients in this latter group showed IgMantibody responses to B. fragilis only, those with acute appendicitis had IgM antibodies against a wide range of organisms of the 'B. fragilis group' which suggests that B. fragilis does not play a significant role in acute appendicitis but may be a major cause of its septic complications.
Introduction
Acute appendicitis is a common condition often requiring surgical intervention to prevent complications. However, the aetiology of this condition is obscure and various possible aetiological factors have been reported. Obstruction has been suggested as a major predisposing factor (Shackleford and Zuidema, 1981) whereas the studies of Burkitt (1971) showed a direct relationship between the incidence of appendicitis and the amount of refined carbohydrate in the diet.
Since the infective aetiology of appendicitis was first proposed by Veillon and Zuber (1 898) , several reports showing the importance of anaerobes, and in particular of Bacteroides fragilis, in the pathogenesis of appendicitis have been published (Werner et al., 1975; Lari et al., 1976; Pieper et al., 1979 and 1982) . In confirming the infective aetiology of appendicitis, Pieper et al. (I 982 ) demonstrated rising titres of B. fragilis antibodies in sera from patients with acute appendicitis and showed, furthermore, that the immune response of these patients increased with the degree of appendix destruction and the duration of the inflammatory process. In most of the above studies, however, control groups of patients with normal appendices were not included. Although the role of B. fragilis in the pathogenesis of appendicitis is still uncertain, its significance in septic complications of appendicitis is well established (Andersen et al., 1972; Leigh et al., 1974; Willis et al., 1976) .
The objectives of this study were to determine the types of bacteria present in normal and inflamed appendices as well as in appendix-related infections, and to evaluate the immune response to B. fragilis of patients with these conditions. This comparative study should shed more light on the role of B. fragilis in the pathogenesis of acute appendicitis.
Material and methods Patients
One-hundred and thirty-five patients admitted to Surgical Unit D at Sabah Hospital for appendicectomy between Oct. 1983 and Jan. 1985 were included in the study. There were 108 male and 27 female patients, aged from 12 to 55 years and of mean age 27 years. The patients were grouped according to histopathological and clinical findings. In patients of: group 1 (normal appendix) appendices showed no evidence of acute inflammation; group 2 (phlegmonous appendicitis) there was acute suppuration and inflammation involving only the appendicular mucosa and submucosa; group 3 (gangrenous appendicitis) there was diffuse suppurative inflammation involving the whole thickness of the appendicular wall; group 4 (septic complications) there were appendixrelated infections such as peritonitis, appendicular abscess and post-appendicectomy wound-infections.
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Micro 6 iolog ical met hods Appendices after removal were opened longitudinally and the contents placed in anaerobic transport media (Portagerm, bio MCrieux, CharbonniCrs-Les-Bains, France) and sent to the laboratory within 24 h. Specimens of pus collected from infected sites of patients with appendix-related infections were also sent in anaerobic transport media. All culture procedures were performed in an anaerobic system (Model 1028, Forma Scientific, Marietta, OH, USA) in an atmosphere of N2 90%, H2 5% and C02 5% v/v. Specimens were inoculated on to Blood Agar (CM55, Oxoid), Schaedler Blood Agar (CM437, Oxoid) with Kanamycin-Vancomycin mixture (5568 1, bio Merieux) and Schaedler Blood Agar with gentamicin 80 pg/ml, and into Brain Heart Infusion (BHI) Broth (CM225, Oxoid). Cultures were examined after anaerobic incubation for 48 h. BHI-broth enrichments were subcultured on to the same three solid media. Specimens were also inoculated on to plates of blood agar and MacConkey Agar (CM7, Oxoid) for aerobic incubation for 24 h.
Colonies (5-10) were selected from each plate and identified-aerobic bacteria by standard microbiological techniques (Isenberg et al., 1980) and anaerobic bacteria biochemically by the Anaerobe Tek System (Flow Laboratories Inc., McLean, VA USA) and by their end products of glucose metabolism as determined by gasliquid chromatography (Shimatzu Gas Chromatograph GC-9A, Shimatzu Corp., Kyoto, Japan). The strains were definitively identified according to Holdeman et al. (1977) .
Results
Of the 135 patients studied, I7 had normal appendices, 17 presented with phlegmonous appendici tis, 75 with gangrenous appendicitis and 26 with septic complications of appendicitis. The bacterial species isolated from appendices and appendixrelated infections are shown in table I. Anaerobes were more frequently isolated than aerobes and members of the B. fragilis group were predominant. The most common isolates among the aerobic bacteria were Escherichia coli and Klebsiella pneumoniue. There were no significant differences in the proportions of different genera found among the four patient groups.
Among the members of the B. frugilis group, the species B. fragilis was the one most commonly isolated followed by B. ovatus and B. distasonis (table 11) . There were no significant differences in the species of Bacteroides isolated from patients in groups 1 , 2 and 3; B. fragilis, however, was isolated at a significantly higher relative frequency from patients in group 4 (p < 0.01).
When the available sera from 91 of the patients were examined, antibodies against members of the 
Serological methods
Sera from 91 of the patients were tested for antibodies to Bacteroides species. Samples of venous blood (10 ml) were taken from patients before appendicectomy and from those with septic complications when infection was detected clinically. After centrifugation and separation, sera were stored at -70°C until required for testing. Blood was not collected from those convalescent patients who proved difficult to trace after hospital discharge, Antigens were prepared as described previously (Elhag and Tabaqchali, 1978) and the immune response was measured by the indirect-immunofluorescence technique described by Wulff and Lang (1975) .
Serum from each patient was tested against the patient's own isolates and against 12 other antigenically distinct strains of Bacteroides-B. fragilis (6 strains), B. ovatus (2), B. distasonis (2) and B. vulgatus (2)-with fluorescein-isothiocyanate conjugated with sheep antihuman IgG and goat anti-human IgM. Preparations were counterstained with Evans's Blue (George T. Gurr Ltd, London) 0.2% w/v in buffered physiological saline @H 7.2) (PBS), mounted in glycerol 25% v/v in PBS. Fluorescence was read in an epifluorescence microscope (Opton, Feintechnik CmB, H D-7082 Oberkochen, West Germany). group 4 was significantly higher than that in the other groups (p < 0.01). There was no significant difference in the proportion of patients with bacteroides IgM-antibodies in groups 3 and 4. The immune responses of the patients against B. fragilis and other organisms of the B. fragilis group are shown in table IV. There was no significant difference in B. fragilis-specific antibody response among patients in the patient groups 1-3 but it was significantly more common in group 4 (p<O-Ol). However, the antibody response against other Bacteroides species was similar in all four groups. Among patients of group 4, IgM-antibody response was specific for B. fragilis among patients of group 3, IgM antibodies were detected against various species of the B. fragilis group. The proportion of patients showing B. fragilis specific IgM antibodies was significantly higher in group 4 than in group 3 (p < 0.05).
Statistical analyses

Discussion
In this study we investigated patients with acute appendicitis as well as patients with normal appendices and with septic complications of appendicitis. Both aerobic and anaerobic bacteria were isolated from all groups of patients, though in varied proportions. Anaerobic bacteria were more frequently encountered than facultative aerobes and organisms of the B. fragilis group were the predominant bacteria in all specimens, findings that are consistent with those of other workers (Leigh et al, 1974; Werner et af., 1975; Pieper et al., 1979 and 1982) . Whereas the rate of isolation of B. fragilis from normal and inflamed appendices was similar, it was significantly higher in appendix-related infections and the association of B. fragilis with these infections is well documented ( In the present study the rate of isolation of B. fragilis from appendices was higher than that reported from the colon in which that species accounts for only 0.5% of the microbial flora (Moore, 1977) . Our results, however, were in agreement with those of Pieper et al.
( 1 982) who studied the appendix microflora of 50 patients with acute appendicitis. The high isolation rate of B. fragilis from appendices and the demonstration of antibodies in the sera of their patients perhaps led these authors to conclude that B. fragilis played a role in the pathogenesis of acute appendicitis. In their study, however, normal appendices were not examined.
The antibody titres in our series were generally low, probably resulting from the poor immunogenicity of the lipopolysaccharide of B. fragilis which has been shown to be biologically distinct from that of aerobic gram-negative bacteria (Kasper, 1976) . In an earlier study (Elhag et al., 1977) , antibody titres following extensive immunisation of rabbits with B. fragilis 0 antigen did not exceed 320. Thus, because of the poor immunogenicity of these organisms it may be difficult to detect a significant rise in antibody titres in the sera of patients. This study has further shown that in normal individuals B. fragilis antibodies may be present in relatively high titre. Taking these factors into consideration, the demonstration of B. fragilis specific IgM anti bodies in these patients may possibly be a more reliable index of current infection.
The antibody response to members of the B. fragilis group was similar among patients with normal and inflamed appendices, but significantly more common among those with septic complications. Pieper et al.
(1 982) reported rising titres of B. fragilis specific antibodies in patients with acute appendicitis and found that the immune response increased with the degree of organ destruction and duration of the inflammatory process. We have not, however, observed any correlation between the degree of inflammation and antibody titres.
We found no significant difference in the immune response among different patient groups to B. ovatus, B. distasonis and B. vulgatus, a finding similar to that of Pieper et al. (1979) . Nevertheless, antibodies against B. fragilis itself were detected more often in patients with septic complications of appendicitis, and whereas these patients had IgM antibodies that were B. fragih specific, others with acute appendicitis showed IgM-antibody response to a wide range of organisms of the B. fragilis group other than B. fragilis (i.e., B. ovatus, B. distasonis, B. vulgatus, B. uniformis and B. thetaiotaomicron) known to be dominant in the bowel but less frequently associated with infections (Moore, 1977; Polk and Kasper, 1977) .
It seems from these findings that the antibody response to B. fragilis of patients with acute appendicitis is not due to infection by B. fragilis but to exposure of the appendix microflora to the immune system of the host, following necrosis of the appendix due to various factors such as obstruction. Different types of aerobic and anaerobic bacteria have been isolated from the surfaces of appendices and peritoneal cavities of patients with acute apendicitis (Leigh et al., 1974; Lari et al., 1976) . From the above discussion, therefore, it may be concluded that B. fragilis does not play a significant role in the pathogenesis of acute appendicitis, but it is a cause of the septic complications that may follow. 
